The normal configuration and interindividual differences in intramural lymphatic vessels of the esophagus  by Yajin, Shinji et al.
G
T
S
General Thoracic Surgery Yajin et alThe normal configuration and interindividual differences in
intramural lymphatic vessels of the esophagus
Shinji Yajin, MD,a Gen Murakami, MD, PhD,b Hiromi Takeuchi, MD, PhD,a Tadashi Hasegawa, MD, PhD,c and
Hiroya Kitano, MD, PhDa
Objective: Recently, interindividual differences in lymphatic vessel density among patients with cancer have
become a focus of interest for surgeons as a significant prognostic factor. Little morphometric information is
available about esophageal lymphatics in the absence of esophageal pathologic changes. We used D2-40 immu-
nohistochemical examination to clarify the normal configuration of the esophageal intramural lymphatics and to
evaluate morphometrically preexisting mucosal vessels.
Methods: D2-40 immunohistochemical staining for human lymphatic epithelium was performed at three sites in
the cervical and thoracic esophagus in 16 donated cadavers without macroscopic malignancy or chronic inflam-
mation. We determined the total numbers of lymphatic vessels and their complete circumferential lengths.
Results: Our immunohistochemical evaluation consistently demonstrated mucosal longitudinal and intermuscu-
lar circumferential vessels. In contrast to a previous diagram, the submucosal lymphatics were limited to a few
circumferential and marginal vessels. On the basis of these findings, we suggest a new scheme for the intramural
lymphatic vessels. In this morphometric study, interindividual differences in number and circumferential length
of mucosal lymphatic vessels ranged from 100% to 200% (2–3 times), and site-dependent differences were not
evident. After correction for esophageal thickness, interindividual differences in lymphatic vessel density were
still 2-fold.
Conclusion:We hypothesized that the greater length and number of lymphatic vessels in the lamina propria mu-
cosae are likely to provide greater opportunity for lymphatic vessel invasion of cancer. Thus propensity toward
cancer invasion would seem to depend not only on cancer pathology but also on individual anatomic features.Lymphatic vessel invasion has been shown to be a strong
independent prognostic factor in cases of esophageal
squamous cell cancer.1-3 In contrast to identification of lym-
phatic invasion of cancer with conventional staining, re-
cently developed antibody D2-40 (anti–human podoplanin
antibody) techniques have allowed more accurate identifica-
tion of gastrointestinal mucosal lymphatic vessels, including
those of the esophagus.4 In this context, many research
groups have focused on interindividual differences in lym-
phatic vessel density among patients with esophageal squa-
mous cell carcinoma.5-7 These studies have revealed
lymphatic density to be correlated significantly with nodal
involvement and thus possibly with prognosis. To our
knowledge, however, no previous study has investigated
whether certain interindividual differences in lymphatic
vessel morphology are present before the onset of cancer
pathologic changes.
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doi:10.1016/j.jtcvs.2008.08.0691406 The Journal of Thoracic and Cardiovascular SurOn the basis of our previous studies on the lymphatics of
the esophagus,8-11 we hypothesized that significant interin-
dividual differences in the density, number, or length of
esophageal intramural lymphatic vessels would be present
even in cadavers with supposedly normal anatomy, without
malignancy or inflammation. The preexisting anatomic dif-
ferences in lymphatic vessels would be likely to correlate
with the incidence and extent of lymphatic invasion of can-
cers, perhaps rather than pathologic influences of cancer it-
self on the lymphatics. On the other hand, the excellent
diagram of the intramural esophageal lymphatic system
presented by Rice and colleagues12 still seems relevant in
the recent era of immunohistochemical identification of lym-
phatics. Consequently, to discuss the anatomic background of
cancer metastasis along the lymphatics, we conducted this
study (1) to clarify the normal configuration of the intramural
esophageal lymphatics by means of D2-40 immunohisto-
chemical examination and (2) to examine morphometrically
interindividual and site-dependent variations.
MATERIALS AND METHODS
We removed specimens of the thoracic esophagus from 30 cadavers (12
male and 18 female) that had been donated to Sapporo Medical University
for purposes of anatomic research. These cadavers had been fixed by arterial
injection of nonneutralized 10% formalin solution in water 24 to 48 hours
after death. The cadavers ranged in age from 65 to 93 years (mean 82 years).
To choose the specimens suitable for this study, we eliminated cadavers in
which (1) macroscopic malignancy was present in any cervical, thoracoab-
dominal or pelvic viscera (5 specimens); (2) leukemia or other bloodgery c June 2009
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specimens); (3) chronic inflammation (mononuclear cell infiltration around
ducts of the esophageal glands) was evident, although DeNardi and Ridell13
consider this a normal finding (3 specimens); or 4) Barrett esophagus was
evident macroscopically, exceeding a craniocaudal length of 5 cm, even if
it was unrelated to sites examined for the study (4 specimens). After elim-
ination of the 14 cadavers meeting exclusion criteria, leaving 16 of the 30
cadavers to be examined.
After routine procedures for paraffin embedding of histologic specimens
and before immunohistochemical staining, we cut and observed at least 20
serial cross-sections with hematoxylin and eosin staining (6 mm thick, 120
mm in length along long axis of the esophagus). This was done to minimize
potential sampling error in which the circumferential vessel was missed be-
tween semiserial cross sections. On the basis of observations of hematoxylin
and eosin–stained sections, we eliminated some specimens according to our
exclusion criteria to yield our final total of 16 cadavers, as previously stated.
After interpreting the histologic study, several semiserial cross-sections (6
mm thick) were prepared at each of the following three sites: (1) the mid-
thoracic level immediately inferior to the tracheal bifurcation, (2) the upper
thoracic level close to the lower margin of the aortic arch, and (3) the cervi-
cal level immediately inferior to the cricoid cartilage. These sections were
stained with hematoxylin and eosin or immunohistochemically for D2-40.
For D2-40 immunohistochemical staining, the primary antibody (1:100
dilution of monoclonal anti–human podoplanin, D2-40 code No. 413451;
Nichirei, Tokyo, Japan) was used after immersion in a ligand activator (His-
tofine SAB-PO Kit, code No. 415211, Nichirei) with autoclave treatment
(105C for 10 minutes). The second antibody (Dako Chem Mate Envision
Kit; Dako A/S, Glostrup, Denmark) was labeled with horseradish peroxi-
dase, and antigen–antibody reactions were detected by the horseradish per-
oxidase–catalyzed reaction with diaminobenzidine. Counterstaining with
hematoxylin was performed on the same samples. Because immunohisto-
chemical processing was often found to produce uneven staining, we strictly
chose good sections from the 16 specimens used for morphometric analysis.
As a result of this strict selection process, however, none of the individual
esophageal specimens were evaluable at all three sites, and only two of
the three sites were available for study. Thus comparisons among all three
sites from a single cadaver were not possible in any of the cases.
By means of cross-sectional immunohistochemical histologic staining
with D2-40, three of the authors (S.Y., G.M. and T.H.) measured (1) the total
number of mucosal lymphatic vessels per section, (2) the numeric density or
number of mucosal lymphatic vessels in randomly chosen visual fields with
a 340 objective lens (6–12 fields, depending on size of cross-section), (3)
lymphatic vessel density in a hot spot (a field showing highest vessel density)
according to the technique of Weidner and associates,14 (4) total circumfer-
ential length of vessels per section parallel with the total surface area of the
lymphatic epithelium, and (5) circumferential length of the basement mem-
brane of the esophageal squamous epithelium per section parallel with the
circumferential length of the lumen. Parameters 1 through 3 (numbers of ves-
sels)weremeasured in at least two sections for one site by three of the authors,
and the intermediate result (a value not corresponding to the maximum or
minimum) was chosen. When the difference between investigators’ counts
was too large, the measurement was performed again by case. For estimation
of parameters 4 through5 (lengths),we producedmontagephotographs of the
sections and traced the lymphatic vessels as shown in Figure 1. The lengths
were calculated on a Windows-based personal computer with the public-
domain National Institutes of Health Image program (developed at the U.S.
National Institutes of Health and available on the internet at http://rsb.
info.nih.gov/nih-image/).
The donated cadavers used in this study had been treated post mortem by
one of the authors (G.M.)when hewas professor and head of the Department
of Anatomy at SapporoMedicalUniversity.Written permission had been ac-
quired from each of the donors personally and from their families for use in
anatomic research. This study was approved by the ethics committee of ourThe Journal of Thoracic and Cainstitution. It was performed in accordance with the provisions of the Decla-
ration of Helsinki in 1995 (as revised in Edinburgh in 2000).
RESULTS
Histologic Observations of the Intramural
Lymphatics
We observed with immunohistochemical techniques
more than 300 of the sections that had been prepared from
the 16 cadaveric esophageal specimens. Abundant mucosal
lymphatic vessels were consistently observed in the lamina
propria mucosae between the squamous epithelium and
muscularis mucosae at all three sites and in all the specimens
(Figure 1). Because most of the vessels were cut transversely
or obliquely, they appeared to run longitudinally along most
of the long axis of the esophagus, rather than circumferen-
tially or transversely. In general, the lymphatic vessel den-
sity was high in mucosal folds protruding into the lumen,
whereas it was low at the concavity or bottom of the folds.
There was no evidence of any site-dependent difference or
laterality in density, however, such as ventral quarter domi-
nancy. Although efferent vessels of the mucosal lymphatics
were difficult to find, the rare examples encountered were
connected to a circumferential vessel running along the outer
margin of the tela submucosa (Figure 2, A). Thus the tela
submucosa (a layer between the muscularis mucosae and
muscularis propria) itself contained few lymphatic vessels,
even around the glands and their ducts. The marginal, sub-
mucosal lymphatic vessels issued efferent vessels, which
usually accompanied an artery, vein, and nerve (Figure 3,
A) or sometimes independently penetrated the inner circular
muscle of the muscularis propria without a concomitant ar-
tery and vein (Figure 3, B).
In the narrow intermuscular space of the muscularis prop-
ria containing the artery, vein, and nerve plexus of Auerbach,
we often observed a lymphatic plexus made up of circumfer-
entially running lymphatic vessels (Figures 2 and 3). Some-
times at the upper thoracic level, however, and often at the
cervical level, the space became unclear because the outer
longitudinal muscles were intermingled with the inner circu-
lar layer (Figure 2, C). Thus, conversely, the intermuscular
lymphatic plexus was most evident at the midthoracic level
among the three sites examined. Afferent vessels of the inter-
muscular plexus usually ran along the artery and vein and
connected with the lymphatics embedded in the adventitial
tissue around the esophagus. Independent lymphatic vessels,
however, were sometimes seen passing through the outer
muscle layer, exhibiting a tortuous course. During prepara-
tion of these specimens, we confirmed macroscopically that
they did not contain any direct drainage vessels extending
from the lamina propria mucosae to the thoracic duct.
Morphometric Data for the Mucosal Lymphatics
We measured lymphatic vessels in the lamina propria
mucosae in cross-sections of 16 esophageal specimens.rdiovascular Surgery c Volume 137, Number 6 1407
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SFIGURE 1. Mucosal lymphatic vessel distribution at level immediately inferior to tracheal bifurcation. A, Almost entire horizontal section of esophagus at
level of tracheal bifurcation. Upper part corresponds to ventral side of esophagus. Arrows indicate vascular bundle passing through inner circular and outer
longitudinal muscle layers (inner muscle, outer muscle). B and C, D2-40 immunohistochemical staining for area indicated by square is shown. B, Higher-
magnification view displays abundant lymphatic vessels (arrows) in lamina propria mucosae between stratified squamous epithelium and muscularis mucosa.
Some vessels are dilated, and others are flattened or collapsed. Squamous epithelium basal layer and lymphatic vessels stain for D2-40. Most mucosal vessels
are cut transversely or obliquely. C, Lower-magnification view includes area in B. D, Hand tracing with pen of C. Because of lower magnification, C and D
exhibit no difference in mucosal lymphatic vessel density between parts or quarters of section.The total number of mucosal vessels per section exhibited
significant interindividual differences: 179 to 504 (mean
353) lymphatic vessels at the midthoracic level, 185 to
621 (mean 386) at the upper thoracic level, and 226 to1408 The Journal of Thoracic and Cardiovascular Su510 (mean 328) at the cervical level. Likewise, the total
circumferential length of all vessels per section, which
almost paralleled the total surface area of the lymphatic
epithelium, also displayed significant interindividualrgery c June 2009
Yajin et al General Thoracic Surgery
G
T
SFIGURE 2. Esophageal intramural lymphatics outside mucosal layer. A, Entire esophageal wall (squamous epithelium, muscularis mucosae, tela submu-
cosa, and inner circular and outer longitudinal muscle layers) at level of tracheal bifurcation. Arrows indicate lymphatic vessels staining for D2-40. Lymphatic
vessels are evident (1) in lamina propria mucosae, (2) along outer surface of tela submucosa, and (3) between inner and outer muscle layers. Latter two vessels
appear to run circumferentially. B and C, Specimens obtained from different cadavers exhibiting lymphatic vessels running between inner and outer muscle
layers at level of the aortic arch. Note abundant muscle fibers cut axially in inner circular layer. All panels were photographed at same magnification; bar in B
represents 200 mm.differences: 22.9 to 44.1 mm (mean 31.7 mm) at the mid-
thoracic level, 10.8 to 43.3 mm (mean 26.1 mm) at the up-
per thoracic level, and 14.5 to 37.4 mm (mean 22.7 mm) at
the cervical level. These data did not exhibit clear differ-
ences between sites in any individual specimen. An indi-
vidual specimen with a higher value at one of the three
sites, however, tended to show higher values for vessels
at the other site examined.The Journal of Thoracic and CaThe number of mucosal lymphatic vessels in a randomly
chosen visual field with a340 objective lens (numeric den-
sity) exhibited interindividual differences, especially at the
cervical level. There were 6.9 to 8.9 vessels per field
(mean in individual specimens) at the midthoracic level,
5.9 to 8.5 at the upper thoracic level, and 5.6 to 10.7 at the
cervical level. When the lymphatic vessels were dilated,
the number per visual field was reduced. Among the ventral,rdiovascular Surgery c Volume 137, Number 6 1409
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SFIGURE 3. Drainage routes of the intermuscular and submucosal vessels. A, Left side corresponds to outer aspect of esophagus and displays drainage vessel
(arrows) of intermuscular lymphatics. B, Lymphatic vessel (arrows) passing through inner circular muscle mass and connecting submucosal and intermus-
cular lymphatic vessels. Both A and B were taken at level of tracheal bifurcation, but from different specimens, and are at same magnification; bar in A
represents 200 mm.dorsal, left, and right quarters of a cross-section, however, no
clear differences in density were evident. The averaged den-
sities at the three sites were similar: 7.7 vessels per field at
the midthoracic level, 7.0 vessels at the upper thoracic level,
and 7.1 vessels at the cervical level. Likewise, the hot spot
method (a type of numeric density estimation in which the
targets are counted in a selected field with the highest den-
sity), also revealed considerable interindividual differences:
8 to 13 (mean 11.3) lymphatic vessels at the midthoracic
level, 8 to 12 (mean 9.8) at the upper thoracic level, and 9
to 15 (mean 11.3) at the cervical level (Figure 4). The cervi-
cal esophagus tended to display greater interindividual dif-
ferences than did the thoracic esophagus.
The length of the basement membrane of the esophageal
squamous epithelium per section, which ran in parallel
with the circumferential length of the lumen, ranged from
27.5 to 48.9 mm (mean 37.6 mm) at the midthoracic level,
16.4 to 44.6 mm (mean 31.54 mm) at the upper thoracic
level, and 14.5 to 37.4 mm (mean 22.7 mm) at the cervical
level. Thus the mucosal epithelium per section tended to
be longer at the lower level of the esophagus. Interindividual1410 The Journal of Thoracic and Cardiovascular Sudifferences were so evident, however, with the upper tho-
racic and cervical levels showing a difference of more than
2-fold (or 100%), that they were likely to mask any site-de-
pendent differences in the mucosal lymphatics. We therefore
addressed the issue of whether thicker esophageal specimens
simply contained a greater length or number of mucosal
lymphatic vessels.
Because of the great differences in thickness of the esoph-
agus or in the circumferential length of the lumen, we deter-
mined the length of mucosal lymphatics per 1-mm length of
the epithelium (the total vascular length divided by the epi-
thelial length), and the values obtained were as follows: 0.64
to 1.11 mm (mean 0.85 mm) at the midthoracic level, 0.65 to
1.06 mm (mean 0.81 mm) at the upper thoracic level, and
0.60 to 1.16 mm (mean 0.72 mm) at the cervical level (Fig-
ure 4). Likewise, the number of mucosal lymphatic vessels
per section was divided by the circumferential epithelial
length to provide the lymphatic vessel density per 1-mm
length of the epithelium, and these values usually ranged
from 8 to 13 vessels per 1-mm length of the esophageal ep-
ithelium (Figure 4). Even after such corrections, however,rgery c June 2009
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more numerous mucosal lymphatic vessels, as for example
specimens 1223 at the cervical level 1208 and 1221 at the
upper thoracic level, and 1233 at the midthoracic level
(Figure 4). These large values for length or number were
almost double the smallest value. In these specimens show-
ing the highest values, we again confirmed that there was no
evidence of chronic inflammation such as mononuclear cell
infiltration along the ducts of the esophageal glands.
DISCUSSION
With D2-40 immunohistochemical staining, we clearly
demonstrated that mucosal lymphatic vessels were densely
distributed in the lamina propria mucosae of the esophagus.
Observation of a limited area with a 320 or 340 objective
lens revealed that the distribution was uneven. Most of the
mucosal lymphatic vessels ran longitudinally and were lim-
ited in distribution circumferentially, which was essentially
consistent with our previous work on specific specimens
showing vessels draining directly from the mucosa to the
thoracic duct9 as well as with the classic description by
Weinberg.15 The intramuscular lymphatic vessels were
also often clearly observed, especially in the intermuscular
space for the nerve plexus of Auerbach. In contrast to the
mucosal vessels, the intermuscular vessels usually ran cir-
cumferentially. Sometimes, lymphatic vessels indepen-
dently penetrated the muscularis propria (either the outer
or the inner layer) without a concomitant artery and vein.
We were unable, however, to obtain pictures of lymphatic
vessels passing through the muscularis mucosae.
Unexpectedly, we rarely observed lymphatic vessels in
the tela submucosa, except for vessels running circumferen-
tially along the outer margin of this layer. Thus presumably
the number and density of submucosal vessels were likely to
be much lower, even around glandular tissue, than those of
mucosal and intramuscular lymphatic vessels. This observa-
tion clearly differed from the well-known diagram presented
by Rice and colleagues.12 In combination with our previous
observation,9 we therefore postulate a new scheme for the
esophageal intramural lymphatics (Figure 5). Although su-
perficially this scheme resembles that postulated by Rice
and colleagues,12 the lymphatic morphology is quite differ-
ent from the latter; circumferential vessel dominancy
changes to longitudinal vessel dominancy, depending on
the laminations of the esophageal wall. Sentinel node navi-
gation surgery would seem to be disturbed by the innermostlayer, because the abundant longitudinal mucosal vessels are
likely to mislead multiple sentinel nodes. Further study with
surgical specimens will be necessary to clarify the submuco-
sal lymphatic morphology in view of the poorly developed
lymphatic vessels noted in the tela submucosa in this inves-
tigation. We speculate that the submucosal lymphatics
would undergo a drastic change in their normal configura-
tion under the influence of cancer.
In this work, we counted and measured all D2-40-positive
lymphatic vessels in the lamina propria mucosae per section.
This method is in contrast to the usual hot spot method,14 in
which targets are counted in a selected field showing the
maximum number. Notably, the actual number and circum-
ferential length of the vessels displayed interindividual dif-
ferences of 2- to 3-fold (100%–200%), rather than small
site-dependent differences. Strictly speaking, the latter dif-
ferences seemed to be masked by the former. The observed
variations in the thickness of the esophagus, however, ex-
ceeded our expectation. Thus the circumferential length of
the epithelial basement membrane also displayed a differ-
ence of more than 2-fold, or 100%. The primary step of can-
cer metastasis would occur along the basement membrane of
the stratified epithelium. We therefore determined the length
of the mucosal lymphatics per 1-mm length of the epithe-
lium and the lymphatic vessel density per 1-mm length of
the epithelium (Figure 4). Notably, after such corrections, in-
terindividual differences were still evident: the greatest
values exceeded the smallest by 2-fold or more, although
in specimens with the highest values, we did not find any ev-
idence of chronic inflammation. Thus the ‘‘preexisting’’ mu-
cosal lymphatic vessels also seemed to exhibit significant
interindividual differences.
With the hot spot method, Brundler and coworkers,7 Na-
kayama and colleagues,6 and Mori and colleagues5 deter-
mined mucosal lymphatic vessel density in nonpathologic
areas of surgically removed esophageal specimens (Table
1). Our counting method was the same as that used by Brun-
dler and coworkers.7Whenwe tried to read the values in their
graphic representation, their value of 9.1 0.3 vessels per ob-
jective field was similar to ours. although they measured the
loweresophagus.Ourcurrentdata, however, showedagreater
SD or interindividual difference. In contrast, the other two
Japanese groups seemed to use a modification of the original
hot spot method, making comparison with our data difficult.
Notably, however, these data also displayed very large SDs
(Table 1). We speculate that the range of interindividualFIGURE 4. Graphic demonstrations of interindividual differences in lymphatic vessel density and vascular length. Data for cervical (A), upper thoracic (B),
and midthoracic (C) esophagus.White bars represent numeric density according to hot spot method (greatest number of vessels in selected visual field with
340 objective lens). Dotted bars represent numeric density per 1-mm epithelium (numbers of all lymphatic vessels divided by circumferential length of ep-
ithelial basement membrane). Black bars represent length of mucosal lymphatics per 1-mm length of epithelium (epithelial length of all lymphatic vessels
divided by circumferential length of epithelial basement membrane). Axes: x axis indicates (1) two types of numeric density with scales of 0, 5, 10, 15,
and 20, and (2) lymphatic vascular length (mm) with scales in parentheses of 0, 0.5, 1.0, 1.5, and 2.0; y axis indicates specimen numbers.
:
1412 The Journal of Thoracic and Cardiovascular Surgery c June 2009
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SFIGURE 5. Schematic representation of intramural lymphatics of thoracic esophagus. Lamina propria mucosae contains abundant longitudinally running
lymphatic vessels, whereas circumferentially running vessels are dominant in intermuscular space between inner and outer muscle layers of muscularis prop-
ria, as well as along outer margin of tela submucosa. Efferent vessels usually accompany artery and vein (artery and vein not shown) but sometimes penetrate
muscularis propria (arrowheads). Thick direct drainage vessel from mucosal lymphatics (stars) passes along large gap in muscularis propria. LN, Lymph
node.differences differs among human populations. In addition to
the hot spot method, we also measured the numbers of lym-
phatic vessels in a 340 visual field selected at random
(6–12 fields, depending on thickness of the esophagus).
This is the usual method for obtaining the numeric density
of a histologic structure.16 The smallest value in these 6 to
12 fields usually corresponded to half the value in a hot
spot. The hot spot method is conventional and seems to be
good for identification of a local response of host lymphatics
to cancer. Because of the narrowvisual field, however, the hot
spot does not seem to reflect the normal morphology of the
mucosal lymphatics, including the uneven distribution of
the lymphatic vessels. For instance, in specimens 1193 and
1223 at the cervical level and 1192 and 1232 at the midthora-
cic level (Figure 4), the hot spot method might have overesti-
mated the lymphatic vessel density.
Some recent studies have demonstrated paradoxic sup-
pression of lymphangiogenesis in breast cancer17-19 and
esophageal adenocarcinoma.7 It seems easy, however, to hy-
pothesize that longer or more numerous lymphatic vessels
are likely to provide a greater opportunity for (and thus
higher incidence of) mucosal lymphatic vessel invasion by
cancer. Whether cancer invasion is easy or difficult seems
to depend on individual anatomy as well as pathologic and
cytologic characteristics. In particular, our study revealed
an interindividual difference in lymph vessel density of al-
most 2-fold. A background difference in basic or physio-
logic vascular endothelial growth factor C expression
appeared to be present. If so, the fact that the finding of vas-
cular endothelial growth factor Cmessenger RNA is positiveThe Journal of Thoracic and Cin fewer than 50% of patients with esophageal squamous
cell carcinoma20-22 seems to correspond to this anatomic dif-
ference. Nevertheless, despite the densely packed mucosal
vessels, it is well known that intramucosal esophageal can-
cer rarely produces nodal metastasis. In our study, a lymph
drainage route was less frequently found crossing the tela
submucosa and inner muscular layer to connect with the in-
tramuscular vessels. Moreover, in our previous work,8,9,11
the direct drainage route from the mucosal lymphatics was
seen to be located in the limited area. We therefore speculate
that mucosal lymphatic invasion of cancer often requires
a relatively long lag time before reaching the regional node.
In summary, this immunohistochemical study revealed
the following in the adult esophagus: (1) the mucosal
TABLE 1. Lymphatic vessel densities measured by hot spot method in
nonpathologic esophageal mucosa according to previous reports and
current study
Study Site Magnification
Lymphatic density
(vessels/field)
Brundler et al7 Lower 3400 9.1  0.3
Nakayama et al6 NS 3200 7.2  3.3 (average, 3
fields)*
Mori et al5 NS 3200 16.5  12.1 (sum, 2
fields)*
Current study Middle 3400 11.3  1.6
Upper 3400 9.8  1.5
NS, Not specified (authors did not describe sites examined). *Researchers do not ap-
pear to have counted vessels in the entire objective field but rather in a grid used for
taking photographs.ardiovascular Surgery c Volume 137, Number 6 1413
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Slongitudinal lymphatic vessels were much more dominant
than the circumferential submucosal and intermuscular ves-
sels at any sites, and (2) the mucosal lymphatic vessel den-
sity displayed an almost 2-fold interindividual difference
after correction according to differences in thickness (size)
of the esophagus. We simply believe that, for the primary
step of cancer metastasis, the frequency is greater in a patient
with 200 preexisting mucosal vessels per unit than in one
with 100. In contrast to our measurement of actual vascular
lengths or numbers, the usual hot spot method seems to be
limited for evaluation of individual difference.
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